R eceiv ed 26 N o v e m b e r 2 0 0 7 ; ac c e p te d 17 D e c e m b e r 2 0 0 7 ; p u b lish e d o n lin e 23 Ja n u a ry 2008)
I. INTRODUCTION
S en sitiv ity is th e A c h ille s ' h e e l o f n u c le a r m a g n e tic re s o n a n c e (N M R ). D e sp ite th e fa ct th a t N M R p ro b e s lo ca l in te r action and can th e re fo re p ro v id e stru c tu ra l in fo rm a tio n on th e su b n a n o m e te r scale, it can o n ly d o so if at lea st ten s o f m illig ram s o f sa m p le e x h ib itin g th a t stru c tu re is a v ailab le.
T his is d u e to th e v e ry lo w e n e rg ie s th a t a re in v o lv e d in th e n u c le a r spin tra n sitio n s. E v e n at th e h ig h e s t p o ss ib le m a g netic fields th e Z e em a n sp littin g is m u c h lo w e r th a n th e th e r T h e m o s t p ro m isin g a p p ro a c h is to p re p o la riz e th e spin sy ste m b y p o la riz a tio n tran sfer. T h e m a jo rity o f ex p erim en ts on lo w g a m m a n u c lei in v o lv e tra n sfe r o f p o la riz a tio n from a b u n d a n tly p re s e n t p ro to n sp in s w h ic h h a v e a m u c h larger Z e e m a n sp littin g , a llo w in g an e n h a n c e m e n t p ro p o rtio n a l to th e ra tio o f th e g y ro m a g n e tic c o n sta n ts. S in c e th e electro n m a g n e tic m o m e n t is m u c h la rg er th a n an y n u c le a r m o m en t, e x p lo itin g th e co u p lin g o f th e n u c le a r sp in s to u n p a ire d e le c tro n sp in s can b e v e ry ad v a n ta g e o u s. T h is d y n a m ic n u clea r in h y d ro g e n a tio n re a c tio n s p e rfo rm e d e ith e r in h ig h field 26 or 27 zero field w ith su b se q u e n t cy c lin g to h ig h field. P a ra h y d ro g en (h y d ro g en w ith th e c o u p le d p ro to n sp in s in th e sin g le t state) is stab le in liq u id so lu tio n s an d can b e u se d as a fu lly sp in -p o la riz e d re a ctan t. In m o s t h y d ro g e n a tio n re a c tio n s th e sy m m e try o f th e p ro to n p a ir w ill b e b ro k e n le a d in g to h ig h ly sp in -p o la riz e d re a c tio n p ro d u c ts g iv in g stro n g ly en h an ced sp e ctra l N M R re so n a n c e s. T h is can b e u se d n o t o n ly to id e n tify re a c tio n in te rm e d ia te s an d stu d y th e re a c tio n k in etics b u t also to p ro d u c e p o la riz e d m o le c u le s w h ic h can su b seq u en tly b e u se d in in vitro or in v iv o m a g n e tic re so n a n c e sp e c tro s c o p y an d im ag in g e x p e rim e n ts. [28] [29] [30] In so lid s a m o re e x o tic m e c h a n ism to e x p lo it th e spin statistic s o f in d istin g u ish a b le p ro to n s is th e H a u p t e ffe c t. 31, 32 In th is c a se th e c o u p lin g o f m e th y l ro ta tio n a l states to th e n u c le a r spin states at lo w te m p e ra tu re s is ex p lo ited . A fte r a fa st te m p e ra tu re ju m p , th e ro ta tio n a l states can fu lly th erm aliz e o n ly b y in d u c in g n u cle a r spin flips. T h e ro ta tio n a l states e q u ilib ra te fast w ith in th e d iffe re n t p ro to n iso m e rs b u t cross re la x a tio n is m u c h slo w e r le a d in g to a co o lin g o f th e spin 33,34 sy stem . 
II. SENSITIVITY CONSIDERATIONS
w h e re B 1(r) / i is th e m a g n e tic field in d u c e d in th e r f co il per The bridge necessary to connect the inner wind ing to the contact pad is clearly visible. The rf-field intensity is represented in a colormap. The red box points out the volume that is commonly used for NMR with the B1-field pointing in the axial direction. Above the wire the B 1-field mostly points in the radial direction (yellow box). Adapted from Ref. 66 .
C. Stripline
T h e o n ly re q u ire m e n t fo r N M R e x citatio n a n d d etec tio n is th a t a su fficien tly stro n g B 1 c o m p o n e n t is g e n e ra te d p e r p e n d ic u la r to th e static B 0-field a n d th e re fo re an y stru c tu re is allo w e d . F ro m te x tb o o k p h y sic s it is k n o w n th a t ru n n in g a c u rre n t i th ro u g h a stra ig h t w ire w ill g e n e ra te a c y lin d rical B 1-field aro u n d th is w ire. W ith th e w ire p a ra lle l to th e e x te r In the X/ 2 configuration the current maximum is in the middle. Due to the constriction the current density will be strongly enhanced. As is shown in the cross section by sandwiching the strip between two ground planes a volume with a high a uniform and high Br field is created, ideal for high-sensitivity NMR. The *H resonator is a free space coaxial j lambda structure with the coil acting as a short on one side. Tuning is accomplished by moving a dielectric sleeve in the coaxial structure. The open end of the coaxial resonator is capacitively coupled and matched to the external 50 Ù circuit. The X chan nel is based on a conventional LC circuit with a trap that blocks the highfrequency proton signals from entering the X channel. 
IV. RESOLUTION

VI. MAGIC ANGLE SPINNING
T h e tw o co rn e rsto n e s o f th e su ccess o f N M R as an a n a ly tical to o l fo r th e stu d y o f so lid m a te ria ls in th e w id e st sen se are d o u b le re so n a n c e a n d m a g ic a n g le sp in n in g . T h e p o s s i b ility to tra n sfe r p o la riz a tio n fro m a b u n d an t n u c lei (e.g., p ro tons) to less a b u n d a n t n u c le i w ith lo w g y ro m a g n e tic ratio s su ch as 13C or 15N h e lp s u s to re lie v e se n sitiv ity p ro b lem s w h ich a re p a rtic u la rly im p o rta n t fo r m a ss-lim ite d sam p les.
M o reo v er, d o u b le re s o n a n c e can b e u se d to d e te rm in e th e sp atial p ro x im ity b e tw e e n d iffe re n t ty p es o f n u cle i an d is th e re fo re an im p o rta n t to o l to p ro v id e stru c tu ra l in fo rm a tio n .
To o b tain h ig h -re so lu tio n sp ectra, sa m p le ro ta tio n a b o u t th e "m ag ic an g le " is im p e ra tiv e to av e ra g e a n iso tro p ic c o n trib u tions to th e re s o n a n c e lin e s . 87 T h e N e th erla n d s O rg a n iz a tio n for S cien tific R e se a rc h is a c k n o w le d g e d fo r fin a n c ia l su p p o rt o f this re se a rc h th ro u g h an N W O -T O P g ran t. T h e A d v a n c e d C h e m ic a l T ech n o lo g ies for S u sta in a b ility o rg a n iza tio n is th a n k e d fo r a g ran t in th e P ro cess on a C h ip p ro g ram .
VII. EXPERIMENTAL IMPLEMENTATION AND APPLICATION
D. Microfluidics
